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(54) ACCELERATION SENSOR 

(57)Abstract: 

PURPOSE: To axial obtain a low-cost sensor which can 
detect acceleration in three directions by a method 
wherein, when a weight is moved with reference to a 
substrate mounting plate, the substrate mounting plate 
and a single-crystal structure are deformed integrally 
and the electric resistance of a detection element is 
changed. 

CONSTITUTION: A single-crystal substrate 1 is 
constituted of a square silicon chip, and it is provided 
with a detection element whose electric resistance is 
changed by mechanical deformation. A substrate 
mounting plate 2 is formed to be square shape which is a 
little larger than the substrate 1 . A base stand 5 is 
formed to be a rectangular shape in a plane view, it is 
provided with a central thin sheetlike part 50, and a 
weight 3 is installed via a shaft part 30. Then, when an 
acceleration sensor constituted in this manner is 
attached to an object to be measured and an 
acceleration motion is caused, the weight 3 is moved 

with reference to the mounting plate 2 due to inertia, the mounting plate 2 and the substrate 1 
are deformed integrally due to its movement, and the resistance value of the detection element 
is changed. A change in the resistance value of the detection element is converted into a 
voltage by an electronic device, and the acceleration of the object to be measured is read out 
as a voltage value. 
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CLAIMS 

[Claim(s)] 

[Claim 1] While having the sensing element (R) from which electric resistance changes with 
mechanical deformations on the straight line (Y) which intersects perpendicularly with a straight- 
line (X) top and this, said sensing element (R) centers on the intersection C of a straight line (X) 
and (Y). A same number individual every The single crystal substrate distributed and arranged 

(1) , The substrate tie-down plate with which it has the coefficient of thermal expansion near the 
coefficient of thermal expansion of this single crystal substrate (1), and the field side, on the 
other hand, consisted of that metal plate used as the root face of a single crystal substrate (1) 

(2) , The weight which fixed through the thin shank to a part for the another side surface part of 
said intersection (C) and a corresponding substrate tie-down plate (2) (3), The electronic 
instrument made to change resistance change of the above-mentioned sensing element (R) into 
electrical-potential-difFerence change is provided. The acceleration sensor characterized by a 
substrate tie-down plate (2) and a single crystal substrate (1) deforming in one, and making it 
the electric resistance of each sensing element (R) have changed when weight (3) moves to a 
substrate tie-down plate (2). 

[Claim 2] While having the sensing element (R) from which electric resistance changes with 
mechanical deformations on the straight line (Y) which intersects perpendicularly with a straight- 
line (X) top and this, said sensing element (R) centers on the intersection C of a straight line (X) 
and (Y). A same number individual every The single crystal substrate distributed and arranged 

(1) , The substrate tie-down plate with which it has the coefficient of thermal expansion near the 
coefficient of thermal expansion of this^ single crystal substrate (1), and the field side, on the 
other hand, consisted of that metal plate used as the root face of a single crystal substrate (1) 

(2) , The pedestal with the central sheet metal-like section (50) which has fixed to the another 
side side side of said substrate tie-down plate (2) (5). The weight formed in said intersection (C) 
and the corresponding central sheet metaHike section (50) through the thin shaft (3), The 
electronic instrument made to change resistance change of the above-mentioned sensing 
element (R) into electrical-potential-difference change is provided. The acceleration sensor 
characterized by a substrate tie-down plate (2) and a single crystal substrate (1) deforming in 
one with said central sheet metal-like section (50), and making it the electric resistance of each 
sensing element (R) have changed when weight (3) moves to the central sheet metaHike section 
(50). 

[Claim 3] The acceleration sensor according to claim 1 or 2 characterized by equipping a straight 
line (X) and (Y) with four sensing elements (R), respectively. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to an acceleration sensor. 
[0002] 

[Description of the Prior Art] There is a thing as shown in drawing 16 or drawing 17 as an 
acceleration sensor. Etching processing (Sign E shows the etching processing section) of the 
silicon substrate is carried out, and the two thin film sections are made to constitute, and he 
makes [ this thin film part ] a part for the weight section 91 and the both ends of a copper plate 
into the frame section 92 for said between [ the thin film sections ] part with a variant part 90, 
and is trying to surround said weight section 91 and variant part 90 with the silicon caps 93 and 
93 by this sensor, as shown in this drawing. 

[0003] The sensing element (usually called a piezoresistive element) from which electric 
resistance changes with mechanical deformations, respectively is prepared in the connection 
part with the frame section 92 in said variant part 90, a variant part 92 carries out elastic 
deformation with change of the relative-position relation between the frame section 92 and the 
weight section 91, and it is made for resistance of said sensing element to have changed. In 
addition, the electronic circuitry which changes resistance change of a sensing element into 
electrical-potential-difference change is made to provide in this acceleration sensor. 
[0004] Therefore, when this acceleration sensor is attached in a device under test and 
accelerated motion is carried out, the relative-position relation between the weight section 91 
and the frame section 92 will change with inertia, and the resistance of a sensing element will 
change, consequently the acceleration of a device under test can be read with an electrical- 
potential-difference value. However, in the above-mentioned acceleration sensor, there is a 
problem that only configuration top 1 shaft orientations (for example, the direction of X of the X— 
Y-Z directions) can be measured. 

[0005] Moreover, by this sensor, in the process which forms a variant part 90, since a deep and 
exact etching technique is needed, it also has the problem of becoming cost quantity. 
[0006] 

[Problem(s) to be Solved by the Invention] So, let it be a technical problem to offer the 
acceleration sensor which can detect the acceleration of the triaxial direction and can be 
manufactured by low cost in this invention. 
[0007] 

[Means for Solving the Problem] While this acceleration sensor is equipped with the sensing 
element R from which electric resistance changes with mechanical deformations on the straight 
line Y which intersects perpendicularly with a straight-line X top and this, said sensing element R 
centers on the intersection C of straight-line X-Y. A same number individual every The single 
crystal substrate 1 distributed and arranged. The substrate tie-down plate 2 with which it has 
the coefficient of thermal expansion near the coefficient of thermal expansion of this single 
crystal substrate 1, and the field side, on the other hand, consisted of that metal plate used as 
the root face of the single crystal substrate 1, Said intersection C and the weight 3 which fixed 
through the thin shank to a part for the another side surface part of the corresponding substrate 



tie-down plate 2. When the electronic instrument made to change resistance change of the 
above-mentioned sensing element R into electrical-potential-difference change is provided and 
weight 3 moves to the substrate tie-down plate 2. the substrate tie-down plate 2 and the single 
crystal substrate 1 deform in one, and it is made for the electric resistance of each sensing 
element R to have changed. 

[0008] While this acceleration sensor is equipped with the sensing element R from which electric 
resistance changes with mechanical deformations on the straight line Y which intersects 
perpendicularly with a straight-line X top and this, said sensing element R centers on the 
intersection C of straight-line X and Y. A same number individual every Moreover, the single 
crystal substrate 1 distributed and arranged, The substrate tie-down plate 2 with which it has 
the coefficient of thermal expansion near the coefficient of thermal expansion of this single 
crystal substrate 1, and the field side, on the other hand, consisted of that metal plate used as 
the root face of the single crystal substrate 1 , The pedestal 5 with the central sheet metal-like 
section 50 which has fixed to the another side side side of said substrate tie-down plate 2, Said 
intersection C and the weight 3 formed in the corresponding central sheet metal-like section 50 
through the thin shaft. When the electronic instrument made to change resistance change of the 
above-mentioned sensing element R into electrical-potential-difference change is provided and 
weight 3 moves to the central sheet metal-like section 50, the substrate tie-down plate 2 and 
the single crystal substrate 1 deform in one with said central sheet metaHike section 50, and it 
is made for the electric resistance of each sensing element R to have changed. 
[0009] 

[Function] This invention acts as follows. When the acceleration sensor of this invention is 
attached in a device under test and accelerated motion is carried out, weight 3 moves to the 
substrate tie-down plate 2 according to inertia, the substrate tie-down plate 2 and the single 
crystal substrate 1 deform in one in connection with this, and the resistance of a sensing 
element R changes. Resistance change of this sensing element R will be changed into an 
electrical potential difference by the electronic instrument, and the acceleration of a device 
under test can read it as an electrical-potential-difference value. 

[0010] Here, since it has the sensing element R from which electric resistance changes with 
mechanical deformations to the above-mentioned single crystal substrate 1 on the straight line 

Y which intersects perpendicularly with a straight-line X top and this, and said sensing element R 
is distributed a same number individual every centering on the intersection C of straight-line X- 

Y and it arranges, the acceleration of the triaxial direction of X-Y-Z can detect. Moreover, by 
this sensor, since an advanced etching technique which was indicated in the column of a Prior 
art becomes unnecessary, it can be manufactured by low cost. 

[0011] In addition, since coefficient of thermal expansion of the above-mentioned substrate tie- 
down plate 2 is made into the coefficient of thermal expansion near the single crystal substrate 
1, although a variant part consists of two structures, a big resistance change of the sensing 
element R by change of ambient temperature does not take place like the sensor indicated in the 
column of a Prior art. Moreover, when weight 3 moves to the central sheet metal-like section 50 
of the pedestal 5 installed by the substrate tie-down plate 2 to the central sheet metal-like 
section 50 in the case of what has weight 3, the substrate tie-down plate 2 and the single 
crystal substrate 1 deform in one with the central sheet metal-like section 50. 
[0012] 

[Example] Hereafter, it explains according to the drawing in which the configuration of this 
invention was shown as an example. The acceleration sensor of this example is what surrounds 
the sensor section with a pedestal 5 and cap 7, as shown in drawing 1 . Fundamentally The 
substrate tie-down plate 2 which fixed on the top face of the central sheet metal-like section 50 
of the pedestal 5 with the central sheet metal-like section 50, and this pedestal 5 as shown in 
drawing 2 or drawing 6 , The lead 6 of a large number arranged in the perimeter of said substrate 
tie-down plate 2, the single crystal substrate 1 which fixed on said substrate tie-down plate 2, 
said single crystal substrate 1, and lead 6 part on a pedestal 5 consist of wrap caps 7. 
[0013] As shown in drawing 3 or drawing 4 , the silicon chip of a square configuration constitutes 
the single crystal substrate 1, and it is equipped with the sensing element R from which electric 



resistance changes with mechanical deformations on the straight line Y which intersects 
perpendicularly with a straight-line X top and this. In addition, it has carried out electrical 
installation (wire bonding) of these and the lead 6 with Wire W while distributing every two of said 
sensing element R and arranging it centering on the intersection C of straight-line X-Y, as 
shown in this drawing or drawing 6 . 

[0014] The substrate tie-down plate 2 consists of covar. 42 alloys, etc.. and as shown in drawing 
6 . it is formed in the shape of [ than the single crystal substrate 1 / somewhat larger ] a square. 
The pedestal 5 is formed in the shape of a plane view rectangle, as shown in drawing 1 or 
drawing 2 , and it is arranging weight 3 in the intersection C in this central sheet metaHike , 
section 50. and a corresponding part through a shank 30 while it has the above-mentioned 
central sheet metal-like section 50. In addition, the so-called mold resin for IC constitutes the 
pedestal 5 whole containing weight 3 from this example. 

[001 5] As shown in drawing 1 or drawing 6 , from the substrate tie-down plate 2. only fixed 
distance is detached, and lead 6 arranges inner one end, and has bent the outer edge side. The 
cap 7 is formed in the shape of a plane view rectangle, and is constituted by synthetic resin 
homogeneous as a pedestal 5. Moreover, an electronic instrument has the bridge circuit 4 which 
connects and changes, as the above-mentioned sensing element R is shown in drawing 5 , and it 
enables it to have read in resistance change of said sensing element R the acceleration which 
acts on this sensor as an electrical signal while it changes the resistance of each sensing 
element R into an electrical-potential-difference value. 

[0016] Since this sensor is considered as the above-mentioned configuration, as shown below, it 
can perform measurement of acceleration. 

** Weight 3 moves [ as opposed to / when this acceleration sensor is attached in the 
acceleration device under test of X component and the left-hand side of the direction of X is 
made to carry out accelerated motion, as it is shown in drawing 7 / a pedestal 5 ] to right-hand 
side according to inertia, and deform in connection with this in [ the substrate tie-down plate 2 
and the single crystal substrate 1 / as the central sheet metal / of a pedestal 5 /-like section 
50 ] one. And the electric resistance of a sensing element R changes in connection with this 
(resistance increases the sensing elements Rxl and Rx3 on which distortion of the direction of 
tension acts. and. as for the sensing element Rx2 on which distortion of the compression 
direction acts, and Rx4, resistance decreases). 

[0017] In addition, when the right-hand side of the direction of X is made to carry out 
accelerated motion of the device under test, the resistance of sensing elements Rx2 and Rx4 
increases, and a sensing element Rxl and the resistance of Rx3 decrease. 

** The resistance of a sensing element R changes in the mode as the above-mentioned ** with 
the same acceleration of Y component of the acceleration device under test of Y component. 
** Weight 3 moves [ as opposed to / when this acceleration sensor is attached in the 
acceleration device under test of Z component and accelerated motion is carried out to the Z 
direction bottom, as it is shown in drawing 8 / a pedestal 5 ] to the bottom according to inertia, 
and deform into convex in connection with this in [ the substrate tie-down plate 2 and the single 
crystal substrate 1 / as the central sheet metal / of a pedestal 5 /-like section 50 ] one. 
Therefore, sensing elements Rxl and Rx3 The resistance of Rx2 and Rx4 increases. In addition, 
when accelerated motion of the device under test is carried out to the Z direction bottom, they 
are sensing elements Rxl and Rx3. The resistance of Rx2 and Rx4 decreases. 
[0018] Thus, the resistance of a sensing element R is detected as electrical-potential-difference 
change by the electronic instrument which includes the bridge circuit 4 which changes with 
migration directions of a sensor, respectively, and which described this resistance change above 
although it changes, and it is indicated by vision as acceleration of each X-Y-Z direction. Here, 
the manufacture approach of the sensor of this example is explained below. 
The leadframe LF which consists of the connection S which connects said substrate tie-down 
plate 2 and both lead 6 with two or more substrate tie-down plates 2 with which the single 
crystal substrate 1 as shows the 1st ** first to drawing 9 from the metal plates (covar, 42 alloys, 
etc.) near the coefficient of thermal expansion of the single crystal substrate 1 is stretched, and 
the lead 6 of a large number arranged in order to surround these, respectively is manufactured 



The 2nd process, next the single crystal substrate 1 which made the sensing element R arrange 
like the above are stretched to each substrate tie-down plate 2, as shown in drawing 10 or 
drawing 1 1 , and between lead 6 is electrically connected with a sensing element with Wire W 
proper. 

As shown in the 3rd process, then drawing 1 2 , the surface-protection material 70 is applied and 
cap 7 is cast by the mold resin for IC that the prepuce of this surface-protection material 70 
grade should be carried out (molding). 

As shown in the 4th process and drawing 13 , a pedestal 5 is cast by the mold resin for IC 
(molding). 

[0019] In addition, it may be made to perform molding in this process to it of the 3rd process,' 
and coincidence. 

it is shown in drawing 14 after that [ 5th process ] — as — Leadframe LF to the connection S - 
- separation (a two-dot chain line n is cut) — carrying out — the outer edge part of lead 6 — 
bending (foaming being carried out) — an acceleration sensor is completed. 
[0020] In addition, the tubed pedestal 5 without the central sheet metal-like section 50 may be 
made to constitute, the metal weight 3 may be welded to the inferior-surface-of-tongue parts of 
the intersection C of straight-line X-Y. and the corresponding substrate tie-down plate 2 
through a shaft 30, and. thereby, a sensor may be made to constitute, as it changes to the 
above-mentioned example and is shown in drawing 15 . Moreover, it changes to the above- 
mentioned example and you may make it form a pedestal 5 in the shape of a cap, as shown in 
drawing 15 . 
[0021] 

[Effect of the Invention] Since this invention is the above configurations, it has the following 
effectiveness. The acceleration sensor which can detect the acceleration of the triaxial direction 
and can be manufactured by low cost from the contents indicated from the column of an 
operation has been offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The appearance perspective view of the acceleration sensor of the example of this 
invention. 

[Drawing 2] The sectional view of said acceleration sensor. 

[Drawing 3] The top view showing arrangement of the sensing element which the single crystal 
substrate of said acceleration sensor was made to possess. 

[Drawing 4] The sectional view of the important section of said acceleration sensor. 
[Drawing 5] Drawing of a bridge circuit which changes into an electrical-potential-difference 
value the resistance of the sensing element which said acceleration sensor was made to 
possess. 

[Drawing 6] The top view showing relation, such as a wire, with the substrate tie-down plate 
which said acceleration sensor was made to possess, a single crystal substrate, and a lead. 
[Drawing 7] The sectional view showing deformation conditions, such as a single crystal 
substrate at the time of acting the acceleration of the direction of X on said acceleration sensor. 

[Drawing 8] The sectional view showing deformation conditions, such as a single crystal 
substrate at the time of acting the acceleration of a Z direction on said acceleration sensor. 
[Drawing 9] The top view of the leadframe used for manufacture of said acceleration sensor. 
[Drawing 10] The top view showing the condition of having carried out wire bonding of between 
leads to the single crystal substrate while fixing the single crystal substrate on the top face of 
the substrate tie-down plate of said leadframe, 

[Drawing 1 1] The side elevation showing the condition of having fixed the single crystal substrate 
on the top face of the substrate tie-down plate of said leadframe. 

[Drawing 1 2] The sectional view showing the condition of having prepared in the Jeadframe the 
cap which applies surface-protection material to said single crystal substrate etc., and carries 
out the prepuce of these. 

[Drawing 13] The sectional view showing the condition of having prepared the pedestal in said 
leadframe. 

[Drawing 14] The top view having shown the isolation location of the connection in said 
leadframe. 

[Drawing 1 5] The sectional view of the acceleration sensor of other examples of this invention. 
[Drawing 1 6] The sectional view of the conventional acceleration sensor. 

[Drawing 1 71 The important section perspective view of the conventional acceleration sensor. 

[Description of Notations] 

R Sensing element 

X Straight line 

Y Straight line 

C Intersection 

1 Single Crystal Substrate 

2 Substrate Tie-down Plate 

3 Weight 



4 Bridge Circuit 

5 Pedestal 

50 Central Sheet Metal-like Section 
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